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What is claimed is: 

An isolated nucleic acid molecule encoding a motor 
neuron restricted- pattern, MNR2 , _protein . 

2. The isolated ni^leic acid of claim 1 which is a DNA 
molecule . 

3. The isolated nucle)^ a . id of claim 2 which is a cDNA 
molecule . 

4. The isolated nucleic of claim 1 which is a RNA 

molecule- 

5 The isolated nucleic ac\d of claim 1 operatively 

linked to a promoter of Rn\ transcription. 

A vector which comprises the isolated nucleic acid of 
claim 1, operatively linked to a promoter of RNA 
transcription. 

A plasmid comprisl^ng the vector of claim 6. 

The plasmid of c\^im 7 designated pMNR2 (ATCC 
Accession No. 203294. 

The isolated nucleic ac\d molecule of claim 3 , wherein 
the nucleic acid moleWle encodes a chick MNR2 
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The isolated nucleic acid m\lecule of claim 9, wherein 
the nucleic acid molecule\ encodes a MNR2 protean 
comprising the amino acid se^^ence set forth in SEQ ID 

NO: 1 . 



The isolated nuclkc acid n^lecule c£ claim ^ wherein 

the nucleic acid Vl^="l^ " 

protein. 

The isolated nucle\c acid , molecule of claim 11 , 
wherein the mammal i aA^ MNR2 protein is mouse, rat, or 
human protein. 

The isolated nucleic l^d of clain, 3 which con^rises 
the nucleic acid seguenL set forth in SBO ID NO= 1. 

A host cell containing the vector of clain, 6. 

The- -host- -cellVt.claim 34, wherein the cell is 
selected from a ^up consisting "61- a b^cterval- cell . 
a plant cell, aJ-iisect cell, and a mammalian cell. 

A method ofV°'^"=^"^ " P^l^^P""*" ''""'"^h'^h 
tiological acSity of a mammalian ^ which 

• V>,c. v,oc!t cells of claim 15 under 
comprises growing ^e host ceixs 

suitable condl-tionsN^rmitting production of the 

polypeptide . 

The method of cl^ 16 further comprising recovering 
the produced pol^J?p^ptide . 

^ isolated nucleic acid molecule of at ^^-^ " 
contiguous nucleotides capable of specifically 
:;:rilizing with a uni^e se^ence included within the 
sequence of the nucleic acid molecule of claim 1 . 

The isolated nuVeic acid of claim 18 which is a DNA 

molecule . 

The isolated nuc|^c acid of claim 18 which is a RNA 

molecule . 
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An isolated nucleic acid molecule capable of 
specifically hybridizing with a unique sequence 
included within the sequence of a nucleic acxd 
molecule which is complementary to the nuclexc acid 
molecule of claim 1. ^ _ ^ . _ . . „_ 

The isolated nuc\eic acid of claim 21 which is a DNA 
molecule. 

The isolated nuclei'?\acid of claim 21 which is a RNA 
molecule . 

An antisense oligonucleotide having a nucleic acid 
--sequence_capable_of_ specifically _hybridizing to an 

xnRNA molecule encoding a MNR2 protein. " - - 

An antisense oliVucleotide having a nucleic acid 
sequence capable oWecif ically hybridizing to the 

cDNA molecule of claim 3 . 

An antisense oligonuc^tide having a nucleic acid 
sequence capable of spec\fically hybridizing to the 
RNA molecule of claim 4. 

A purified MNR2 protein. 

A purified protein encoded by the isolated 

nucleic acid of\claim 1. 

A purified uniqu\ polypeptide fragment of the MNR2 
protein of claim 2) 

The MNR2 protein of l^im 28 having substantially the 
same amino acid seqJenL as set forth in SEQ ID NO: 1. 

The .MNR2 protein of cl\im 28 having the amino acid 
sequence as set forth in\sEQ ID NO: 1. 
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The MNR2 protei\of claim 31 which is a vertebrate 
MNR2 protein. 

The vertebrate MNlMrotein of claim 32 which is a 
chick, mouse, rat , o\ human MNR2 protein. 

A monoclonal ar^ody directed to an epitope of an 
MNR2 protein of claim 33, 

A monoclonal anWdy of claim 34 directed to a chick, 
mouse, rat or hu\an MNR2 protein. 

A polyclonal antib^y directed to an epitope of the 

MNR2 protein of ^^^^^N^"^ ' 

A polyclonal antibody oYclaim 36 directed to a chick, 
mouse, rat or human MNR2\^rotein. 

A method of inducing differentiation somatic motor 
neurons which comprises expressing MNR2 protein xn 
neural progeni-feor cells. 

The metnod of clalSn 38, whar.in the expression o£ MNR2 
protein induces egression of transcription factors 

Isl2, Lim 3 and HB9\ 

The method of claim 3^ , wherein the neural progenitor 
cells are spinal cord\motor neuron progenitor cells or 
hindbrain motor neuroWogenitor cells. 

A transgenic nonhumaA^ mammal which comprises an 
isolated DNA molecule of claim 2. 

The transgenic nonhumanVnammal of claim 41, wherein 
the DNA encoding a MNR2 pi^otein is operatively Ixnked 
to tissue specific regulaWy elements. 
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A method of determWng physiological effects of 
expressing varying l\vels of MNR2 protein xn a 
transgenic nonhuman tnanW which comprises producing 
a panel of transgenaJ^Vnonhuman animals, each 
-transgenic- nonhuman _ mamm^. expressing a different 
amount of MNR2 protein 

A method &f producing the isolated protein of either 
of claims 2<7 or 28 which comprises: 

insert: ng a\ucleic acid molecule encoding a MNR2 
protein into a\ suitable vector; 

.introducing t_he_^^sulting vector into a suitable host 

cell ; 

selecting the introcLed host cell for the expression 
of the MNR2 protein; \ 

culturing the selecte^^ cell to produce the MNR2 
protein; and 

recovering the MNR2 proteih produced. 

A method of inducing dif f ereiWiation of somatic motor 
neurons in a subject comprising administering to the 
subject the purified MNR2 proton of either of claims 
27 or 28 in an amount ^ffective to induce 
differentiation of somatic moN^or neurons in the 
subject. 

The method of ckim 45 wherein the subject is a 
mammal . 

The method of claim» X wherein the mammal is a mouse, 
rat or human. \ 
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A pharmaceutic\ composition comprising a purxfxed 
MNR2 protein ofWher of claims 27 or 28 and a 
pharmaceutically ac^table carrier. 

49 ■ A method for treating a subject, afflicted with an 
■ abnormality associated with a lack of one or more 
normally functioning motor neurons which comprxses 
introducing an amount of the pharmaceutical 
composition of claim 48 effective to generate somatxc 
motor neurons from undifferentiated motor neuron 
precursor cells in the subject, thereby treating the 
subject afflicted with the abnormality associated wxth 
the lack of one or more normally functioning motor 
neuxons ^ 

50 A method of treating a subject afflicted with a 

■ neurodegenerative disease which comprises introducxng 
an amount of the pharmaceutical composition of claxm 
48 effective to generate somatic motor neurons from 
undifferentiated precursor motor neuron cells xn the 
subject, thereby treating the subject afflicted wxth 
the neurodegenerative disease. 

The method of claim 4^ wherein the generation of motor 
neurons from undif f ^tiated precursor motor neuron 
cells alleviates a cA3\pnic neurodegenerative disease. 

A method of treating a subject afflicted with an acute 
nervous system injury which comprises introducing an 
30 amount of pharmaceutical composition of claxm 48 

effective to generate motor neurons from 
undifferentiated precursor motor neuron cells xn a 
subject, thereby treating the subject afflicted wxth 
the acute nervous system injury. 
53 The method of claiJi 52 wherein the acuta nervous 

Tr^o^zed to a specific central axon 
system xn^ury xs loc^ai^zea co a s>ij^ ^-He^ 

which 
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'comprises K^gical implantation of the 



pharmaceutical compcAsition of claim 48 effective to 
generate motor neuronk from undifferentiated precursor 
motor neuron cells lAcated proximal to the specific 
central axon, so as Ao alleviate the acute nervous 
system injury-- localized. to a specific central axon, 
thereby treating the subject afflicted with the acute 
nervous system injuiry. 

The method of claim \si wherein the chronic 
neurodegenerative disea^ is spinal muscular 
atrophies . 

The method of claim bV wherein the chronic 
-neu-rodegenerati_ve_ disease \ is myotrophic lateral 
sclerosis . 

A method for diagnosing a chronic neurodegenerative 
disease associated with the expression of a MNR2 
protein in a sample from a subject which comprises: 



(a) 



obtaining- DNA from the sample of the subject 
suffering from the chronic neurodegenerative 
disease ; 



(b) performing a restriction digest of the DNA with 
a panel of . restriction enzymes; 

(c) separating the resulting DNA fragments by size 
fractionation; 

(d) contacting the resulting DNA fragments with a 
nucleic acid probe capable of specifically 
hybridizing with a unique sequence included 
within the sequence of a nucleic acid molecule 
encoding a MNR2 protein, wherein the sequence of 

. a nucleic acid molecule encoding a MNR2 protein 
is linked at a specific break point to a 
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specified nucleic acid sequence and labeled with 
a detectable marker; 

(e) detecting labeled bands which have hybridized to 
the nucleic acid probe capable of specif ically 
hybridizing with a unique sequence included 
within the sequence of a nucleic acid molecule 
encoding a MNR2 protein, wherein the sequence of 

■ a nucleic acid molecule encoding a MNR2 protein 
is linked at a specific break point to a 
specified nucleic acid sequence to create a 
unique band pattern specific to the DNA of 
subjects suffering from the chronic 
neuJ^odsQ®^®-"^^*^-^"^^- disease ; 

(f) preparing DNA obtained from a sample of a subject 
for diagnosis by steps (a-e) ; and 

(g) comparing the detected band pattern specific to 
the DNA obtained from a sample of subjects 
suffering- from the chronic neurodegenerative 
disease from step (e) and the DNA obtained from 
a sample of the subject for diagnosis from step 
(f) to determine whether the patterns are the 
same or different and to diagnose thereby 
predisposition to the chronic neurodegenerative 
disease if the patterns are the same. 

A method for diagnosing a chronic neurodegenerative 
disease associated with the expression of a MNR2 
protein in a sample from a subject which comprises: 

(a) obtaining RNA from the sample of the subject 
suffering' from "chronic neurodegenerative disease; 
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(b) 



separating the RNA sample by size fractionation; 
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(c) 



(d) 
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contacting the resulting RNA species with a 
nucleic acid probe capable of specifically 
hybridizing with a unique sequence included 
within the sequence of a nucleic acid molecule 
encoding a MNR2 protein, wherein the sequence of 
a nucleic acid molecule encoding a MNR2 protein 
is linked at a specific break point to a 
specified nucleic acid sequence and labeled with 
a detectable marker; 

detecting labeled bands which have hybridized to 
the RNA species to create a unique band pattern 
specific to the RNA of subjects suffering from 
the chronic neurodegenerative disease; 



(e) preparing RNA obtained from a sample of a subject 
for diagnosis by steps (a-d) ; and 

(f) comparing the detected band pattern specific to 
the RNA obtained from a sample of subjects 
suffering- from the chronic neurodegenerative 
disease from step (d) and the RNA obtained from 
a sample of the subject for diagnosis from step 
(f) to determine whether the patterns are the 
same or different and to diagnose thereby 
predisposition to the chronic neurodegenerative 
disease if the patterns are the same. 

A functionally equivalent analog of MNR2 that induces 
MNR2 differentiatior^of neural progenitor cells. 

A functionally equiva^Qt analog of MNR2 that prevents 
MNR2 differentiation loY neural progenitor . cells . 



35 50 A method of treating a subject afflicted with a 

neuromuscular disease which comprises introducing an 
amount of the pharmaceutical composition of claim 48 
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effective to activate acetylcholine to activate muscle 
cells . 

An isolated nucleic acid molecule encoding a homeobox, 
HB9, protein. 

The isolated niicleic acid of claim 61 which is a DNA 
molecule. \ 

The isolated nucleic acid of claim 62 which is a cDNA 
molecile. \ 

The isolated nucleic a^^^ of claim 61 which is a RNA 
molecule. 

The isolated nucleic aci\i of claim 61 operatively 
linked to a promoter of RnX transcription . 

A vector which comprises the isolated nucleic acid of 
claim 61. operatively linked to a promoter of RNA 
transcription . 

A plasmid compriWng the vector of claim 66. 

The plasmid of claVm 67 designated pHB9 

The isolated nucleic acid molecule of claim 63, 
wherein the nucleic adid molecule encodes a chick HB9 
protein. \ 

The isolated nucleic Wid molecule of claim 69, 
wherein the nucleic molecule encodes a HB9 

protein comprising thelaAiko acid sequence set forth 
in SEQ ID NO: 1 . \ 

The isolated nucleic aciaV molecule of claim 63, 
wherein the nucleic acid molebule encodes a mammalian 
HB9 protein. \ 
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The isolated nuAeic acid molecule of claim 71, 
wherein the mammal\an HB9 protein is mouse, rat, or 
human protein. 

The isolated nucleic laf^d of claim 63 which -comprise, 
the nucleic acid seque^e set forth in SEQ ID NO: 1. 

A host cell containing the vector of claim 66. 

The host cell oA c: aim 64, wherein the cell is 
selected from a gr^ consisting of a bacterial cell, 
a plant cell, an An^ect cell, and a mammalian cell - 

me thod " of "l>^oduc ing ". a " polypeptide - having. _ the 
biological activiVof a mammalian HB9 which comprises 
growing the host c^s of claim 65 under suitable 
conditions permitting >3;;oduct ion of the polypeptide. 

The method of claiiW6 further comprising recovering 
the produced polyppf^tLide . 

An isolated nucleic acid molecule of at least 15 
contiguous nucleotides capable of specifically 
hybridizing with a unique sequence included within the 
sequence of the nucleic acid molecule of claim 61. 

The isolated nuc^ic acid of claim 68 which is a DNA 

molecule . 

The isolated nucleil\cid of claim 68 which is a RNA 

molecule . 

An isolated nucleic acid molecule capable -of 
specifically hybridizing with a unique sequence 
included within the sequence of a nucleic acid 
molecule which is complementary to the nucleic acxd 
molecule of ciaim 61- 



The isolated nucl\ic acid of claim 81 which is a DNA 
molecule . 

The -isolated nuclei^ \cid of claim 81 which is a RNA 
molecule . 

An antisense oligonucleotide having a nucleic acid 
sequence capable of specifically hybridizing to an 
tiiRNA molecule encoding a HB9 protein. 

An antisense ol^onucleotide having a nucleic acid 
sequence capable \f specifically hybridizing to the 
_.cDNA_ molecule of cl^im 63 . 

An antisense oligoni^eotide having a nucleic acid 
sequence capable of sp^ifically hybridizing to the 
RNA molecule of claim 64^ 

A purified HB9 protein. 

A purified HB9 protein encoded by the isolated nucleic 
Acid of claim 61 

A purified uniqueX polypeptide fragment of the HB9 
protein of claim 88^ 

The HB9 protein of cOWim 88 having substantially the 
same amino acid sequence as set forth in SEQ ID NO: 1. 

The HB9 protein of cl4A' 8 8 having the amino acid 
sequence as set forth iU SEQ ID NO : 1. 

The HB9 protein of claim 9^1 which is a- vertebrate HB9 
protein . 

The vertebrate HB9 proteiA of claim 92 which is a 
chick, mouse, rat, or human >HB9 protein. 
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^^P^ 94 . A monoclonal anislbody directed to an epitope of an HB9 



protein of claim 9^ 
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95-. A- monoclonal. _aritibody of claim 94 directed to a chick, 
mouse, rat or human HB9 protein, 

96, A polyclonal antibody directed to an epitope of the 
HB9 protein of claim 

97. A polyclonal antibody o'f Vlaim 96 directed to a chick, 
mouse, rat or human HB9 protein. 
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A method of inducing differentiation somatic motor 

2^ 5 neurons which ~ comprTs^s" express ing— HB9- -protein _ in_ 

neural progenitor cells. 

99. The method of claAm 98, wherein the expression of HB9 
protein induces expression of transcription factors 

2 0 Isl2, Lim 3 and HBf 

100. The method of claim wherein the neural progenitor 
cells are spinal cord Vnotor neuron progenitor cells or 
hindbrain motor neuro A progenitor cells. 
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101, A transgenic nonhumanX mammal which comprises an 
isolated DNA molecule of\ claim 62. 

102. The transgenic nonhuman mairtmal of claim 101, wherein 
the DNA encoding a HB9 pr&ts^n is operatively linked 
to tissue specific regulatory elements. 



103. A method of determining physiological effects of 
expressing- -vary^ing levels HB9 protein in -a 

35 transgenic nonhuman mammal whAch comprises producing 

a panel of transgenic noiJhuman animals, each 
transgenic nonhuman mammal exj^ressing a different 
amo-unt of HB9 protein. 
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-(a) 



(b) 



(c) 



_(d) 



A method oAproducing the isolated protein of either 
of claims STAor 88 which comprises 
\> 

-inserting a V^leic acid molecule encoding a HB9 
protein into a\s\aitable vector; " 

introducing the reciting vector into a suitable host 



cell ; 



\ 



\ 



selecting the introduced host cell for the expression 
of the HB9 protein;'^^^ 

culturing the selecte^ cell to produce the HB9 
protein; and \^ 

(e) recovering the HB9 proteih produced 

105. A method of inducing differentiation of somatic motor 
neurons in a subject comprising administering to the 
subject the purified HB9 prdtein of either of claims 
87 or 88 in an amount ^ff^^^ive to induce 
differentiation of somatic Wiotor neurons in the 
subject. \^ 
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The method of cl^im 105 wherein the subject is a 
mammal . 



107. The method of claiVn\106, wherein the mammal is a 
mouse, rat or human. 
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A pharmaceutical Ncomposition comprising a purified HB9 
protein of eith^ of claims 87 or 88 and a 
pharmaceutically acceptable carrier. 

A method for treating a subject afflicted with an 
abnormality associated with a lack of one or more 
normally functioning motor neurons which comprises 



introducing an amount of the pharmaceutical 
composition of claim 108 effective to generate somatic 
motor neurons from undifferentiated motor neuron 
precursor cells in the subject, thereby treating the 
subject afflicted with the abnormality associated with 
the lack of one or more- normally -functioning motor 
neurons . 

A method of treating a subject afflicted with a 
neurodegenerative disease which comprises introducing 
an amo^ nt of the pharmaceutical composition of claim 
108 effective to generate somatic motor neurons from 
undifferentiated precursor motor neuron cells in the 
subject, thereby treating the subject afflicted with 
^t h^e^ neurodegenerative _di sease . 

The method of claim UO^ wherein the generation of 
motor neurons from unft^^ precursor motor 

neuron cells alleviat^pfe^ a chronic neurodegenerative 
disease. 

A method of treating a siobject afflicted with an acute 
nervous system injury which comprises introducing an 
amount of pharmaceutical composition of claim 108 
effective to generate motor neurons from 
undifferentiated precursor motor neuron cells in a 
subject, thereby treating the subject afflicted with 
the acute nervous system injury. 

The method of cl^m 112 wherein the acute nervous 
system injury is localized to a specific central axon 
which comprises surgical implantation of the 
pharmaceutical composits(ibn of claim 108 effective to 
generate motor neurons fe^m undifferentiated precursor- 
motor neuron cells locatW proximal to the specific 
central axon, so as to alleviate the acute nervous 
system injury localized to ^ specific central axon. 
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thereby treating th^ sijbject afflicted with the acute 
nervous system injury. 

114. The method of cla\m 111 wherein the chronic 
5 neurodegenerative di\ease is spinal muscular 

atrophies . 

115. The method of claim | Ml wherein the chronic 
neurodegenerative disease \ is myotrophic lateral 

10 sclerosis. 

116. A method for diagnosing a chronic neurodegenerative 
disease associated with the expression of a HB9 
protein in a sample from a subject which comprises: 
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(a) obtaining DNA from the sample of the subject 
suffering from the chronic neurodegenerative 
disease ; 

(b) performing a restriction digest of the DNA with 
a panel of restriction enzymes; 

(c) separating the resulting DNA fragments by size 
fractionation; 

(d) contacting the resulting DNA fragments with a 
nucleic acid probe capable of specifically 
hybridizing with a unique sequence included 
within the sequence of a nucleic acid molecule 
encoding a HB9 protein, wherein the sequence of 
a nucleic acid molecule encoding a HB9 protein is 
linked at a specific break point to a specified 
nucleic acid sequence and labeled with a 

- - detectable marker; 

(e) - detecting labeled bands which have hybridized to 

the nucleic acid probe capable of specifically 
hybridizing with a unique • sequence included 



within the sequence of a nucleic acid molecule 
encoding a HB9 protein, wherein the sequence of 
a nucleic acid molecule encoding a HB9 protein is 
linked at a specific break point to a specified 
nucleic acid sequence to create a unique band 
pattern specific to the DNA of "subjects suffering 
from the chronic neurodegenerative disease; 

(f ) preparing DNA obtained from a sample of a subject 
for diagnosis by steps (a-e) ; and 

(g) comparing the detected band pattern specific to 
the DNA obtained from a sample of subjects 
suffering from the chronic neurodegenerative 
disease" "from" step— (e)-.-and -the- ^DNA_ob.tained_f rom^ 
a sample of the subject for diagnosis from step 
(f) to determine whether the patterns are the 
same or different and to diagnose thereby 
predisposition to the chronic neurodegenerative 
disease if the patterns are the same, 

A method for diagnosing a chronic neurodegenerative 
disease associated with the expression of a HB9 
protein in a sample from a subject which comprises: 

(a) obtaining RNA from the sample of the subject 
suffering from chronic neurodegenerative disease; 

(b) separating the RNA satrple by size fractionation; 

(c) contacting the resulting RNA species with a 
nucleic acid probe capable of specifically 
hybridizing with a unique sequence included 
within the sequence of a nucleic acid molecule 
encoding a HB9 protein, wherein the sequence of 

■ a nucleic acid molecule encoding a HB9 protein is 
linked at a specific break point to a specified 



nucleic acid sequence and labeled with a 
detectable marker; 

(d) detecting labeled bands which have hybridized to 
the RNA species to create a unique band pattern 
specific to the RNA of subjects- suffering from 
the chronic neurodegenerative disease; 

(e) preparing RNA obtained from a sample of a subject 
for diagnosis by steps (a-d) ; and 

(f) comparing the detected band pattern specific to 
the RNA obtained from a sample of subjects 
suffering from the chronic neurodegenerative 
disease -fr-om -step-. (d)_ _and_the RNA obtained from 
a sample of the subject for diagnosis from step' 
(f) to determine whether the patterns are the 
same or different and to diagnose thereby 
predisposition to the chronic neurodegenerative 
disease if the patterns are the same. 

A functionally equivalent analog of HB9 that induces 
HB9 differentiation of neural progenitor cells. 

A functionally equi^lent analog of HB9 that prevents 
HB9 differentiation \f neural progenitor cells. 

A method of treating a subject afflicted with a 
neuromuscular disease which comprises introducing an 
amount of the pharmaceutical composition of claim 108 
effective to activate acetylcholine to activate muscle 
cells. 

A method of treating an embryo af f lictedr-wi-th--sacral 
agenesis which comprises introducing the isolated 
nucleic acid of claim 61 into the embryo. 
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122. A method of treating an embryo afflicted with sacral 
agenesis which comprises introducing an amount of the 
pharmaceutical composition of claim 108. 

123 ... A method of treating an embryo lacking HB9 expression 
which comprises introducing" the isolated nucleic acid 
of claim 61 . 
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A method of treating an embryo lacking HB9 expression 
which comprises introducing an amount of the 
pharmaceutical composition of claim 108. 



